The one- and two-electron spin-orbit and spin-spin interactions play an important role in a number of chemical phenomena even for systems containing only relatively light atoms, while the terms of them are derived from the Dirac-Coulomb or the Dirac-Coulomb-Breit Hamiltonian as one of the relativistic corrections [1, 2] . In organic molecules, it is well known that the spin-orbit coupling induces intersystem crossing and is responsible for the phosphorescence of excited triplet states, and that the spin-spin interaction induces the zero-field splitting.
Theory

Equation-of-motion coupled-cluster theory
Although the descriptions in this section have been already published [20-23, 
where ( ) In matrix form,
where the k-th left-hand eigenvector ( k L ) and l-th right-hand
Once the ground state CC amplitude equations have been solved to determine T , the non-Hermitian operator H is composed and its lowest few eigensolutions are determined via a generalized Davidson method [32, 33] . The most timeconsuming step in this approach is the formation of the sequations which are the products of the similarity-transformed
Hamiltonian matrix with the approximate eigenvectors, 
Generalized unrestricted HartreeFock (GUHF) approach for the Hamiltonian containing spin-orbit operators
In our approach, the Hamiltonian for a molecule is expressed by the sum of the non-relativistic Hamiltonian and the spin-orbit part of the Breit-Pauli Hamiltonian (BPSO) [35] . The BPSO operator can be written in atomic units as within the same molecular orbital, it is convenient to adopt the generalized spin orbitals [12, 13] 
Here F F ) procedure [37] . We note here the computational cost. The treatments of the complex SCF coefficients, integrals, and CC amplitudes take the computational cost more by 2 n formally than that of real ones, DOI: 10.2477/jccj.H2219 13 and N depends on the algorithm used (n =3-5). Also for the GUHF treatment expressed in eqs (7) and (8), an additional computational cost is used.
Computational details
A pilot code for test calculations of the method proposed in this paper has been newly developed at the EOM-CCSD level. As an initial application of our method, we report excitation energies and spin-orbit splittings of 3 . In these calculations, the number of correlating electrons are varied from two electrons in highest occupied molecular orbital to all electrons. It is found that the excitation energies agree with experimental values [36] within 0.2 eV and have an averaged error of up to 3%. Table 2 shows the spin-orbit splittings of the 3 P states Table 1 . We must note that the experimental energy-level splitting is affected by both the spin-orbit interaction and the spin-spin interaction, and the contribution of the spin-spin interaction is relatively large in the second-row elements [5] . The contribution of the spin-orbit interaction of the 3 P state can be approximately estimated from the experimental energy-level splitting [35] .
Results and discussion
The calculated spin-orbit splittings in the second-row atoms should be compared with these corrected experimental values in parentheses. For the third-row atoms, the contribution of the spin-spin interaction is relatively small, and therefore the calculated spin-orbit splittings are in good agreement with the experimental energy-level splittings. Table 3 due to an inadequacy of the basis set used and to the relativistic effects.
From Table 4 , we can discuss the comparison of accuracy with several relativistic and electron-correlated methods.
The MRCISD method provides spin-orbit matrix elements of MRCISD wave functions using cc-pVTZ basis set from which the f functions were omitted [5] . The DHF-ADC (3) method provides ionization energies by the one-particle Green's function theory in the Dirac-Fock framework [40] . The spinorbit splittings of 2 P states of F, Cl, Ne 
Conclusion
The EOM-CC method, which is basically equivalent to the SAC-CI method, using the generalized spin-orbitals including the Breit-Pauli spin-orbit operators was examined. The test calculations have been performed for spin-orbit splittings of This work was supported by a Grant-in-Aid for Scientific
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